ABSTRACT: Statistics indicate that the percentage of fatal industrial accidents arising from repair, maintenance, minor alteration and addition (RMAA) works in Hong Kong was disturbingly high and was over 56% in 2006. This paper provides an initial report of a research project funded by the Research Grants Council (RGC) of the HKSAR to address this safety issue. The aim of this study is to scrutinize the causal relationship between safety climate and safety performance in the RMAA sector. It aims to evaluate the safety climate in the RMAA sector; examine its impacts on safety performance, and recommend measures to improve safety performance in the RMAA sector. This paper firstly reports on the statistics of construction accidents arising from RMAA works. Qualitative and quantitative research methods applied in conducting the research are discussed. The study will critically review these related problems and provide recommendations for improving safety performance in the RMAA sector.
INTRODUCTION
Safety has been recognized as one of the besetting problems with the Hong Kong construction industry. The Hong Kong Construction Industry Review Report (HKCIRC 2001) highlighted safety to be one of the six major areas for improvement. With shrinkage of the construction market and reduced volume of new works, repair, maintenance, minor alteration and addition (RMAA) works are playing an increasingly important role in the local construction industry. RMAA works refers to those minor works such as construction projects for village-type houses in the New Territories, minor alterations, repairs, maintenance and interior decoration of existing buildings (Labour Department 2008b) . Research on safety performance of RMAA works, however, has been rather limited.
RMAA works in the construction industry
The construction industry contributed 2.7% to the GDP (at current factor cost) of Hong Kong in 2006 (Census and Statistics Department 2008a) . The number of persons directly engaged in the construction industry was 135,337 in 2006 (Census and Statistics Department 2008b). For the types of construction activities, construction work in RMAA is coming more and more important as it contributed to 53.2% of the total construction market in 2007. As shown in Table 1 , the proportion of RMAA works to total construction market has been doubled from 1997 to 2007. Importance of RMAA works to the whole construction industry is expected to increase continuously in the foreseeable future. To counteract the disastrous effect of the global financial crisis to the construction industry, the HKSAR Government is trying to assist the construction industry by launching more minor works to create immediate employment opportunities (Development Bureau, HKSAR 2008) . The Development Bureau of the HKSAR has just announced that HK$ 8.56 billion (approx. US$ 1.10 billion) will be spent on minor works in 2009/2010 to create 1600 jobs. The projects include refurbishment of the exterior of 50 government buildings, renovation of aged protective surfaces of 500 slopes, the installation and retrofitting of energy-efficient facilities for various government departments, and provision of green roofs on 40 government buildings (The Standard on 14 January 2009).
Safety performance of RMAA works
Referring to Table 2 , safety performance of the construction industry has been improved tremendously. Accident rates per 1000 workers fell from 247.9 in 1998 to 60.6 in 2007, representing a remarkable drop of 75.6% (Labour Department 2008b). However, we should note that the accident rate per 1000 workers has reached a plateau after 2003. The challenge to the industry would be how to further drive down accident rates to achieve continuous improvement in safety performance.
It is noteworthy that there has been a remarkable increase in the percentage of accidents on RMAA worksites over the past ten years, from 17.9% of 1998 to 50.1% of 2007. Admittedly, this change may be due to the increase in proportion of RMAA works to the whole construction industry; however, it still provides a valid ground for our investigation on safety of RMAA worksites.
Safety climate
Zohar (1980) defined safety climate as 'a summary of molar perceptions that employees share about their work environments… a frame of reference for guiding appropriate and adaptive task behaviors' (p.96). Griffin and Neal (2000) suggested that employees' perceptions of the policies, procedures, and practices relating to safety comprise the safety climate. As stated by Zohar (2003) , safety climate reflects the true perceived priority of safety in an organization. Some researchers define safety climate as a current-state reflection of the underlying safety culture (Mearns et al. 2001 (Mearns et al. , 2003 . Zohar (2003) separated safety climate into two dimensions: level and strength. The level of safety climate reflects shared perceived priority of safety whereas strength of safety climate is homogeneity of perceptions of the importance of safety. Safety systems and polices do not automatically generate safety; it is the true priority of safety that is consensually perceived by people that affects their safety Table 1A and Table 3 , C&SD, The HKSAR Government) 
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2879 (7) 2927 (11) 2251 (2) 1675 (8) 1327 (6) 1350 (6) 1445 (10) 1637 (4) 1474 (5 (Source: Labour Department HKSAR (2008b) Accidents in the Construction Industry of Hong Kong (1998 Kong ( -2007 behavior. For example, a company has imposed overt safety policies and management systems; however, when safety and time come into conflict, the manager gives the message that time overrides safety. People inside the organization will project a low priority for safety, i.e. a low level of safety climate. Safety climate influences one's behavior through behavior-outcome expectancies (Zohar 2003) . Low safety climate implies that people assign lower weight to safety but greater value to short-term gains, e.g. finishing the work faster. Under a low safety climate, people also underestimate the likelihood of possible injury. It is believed that expectancies influence prevalence of safety behavior which in turn influences company safety performance.
Significance and value
This study aims to investigate the causal relationship between safety climate and safety performance of RMAA works. As supported by statistics, safety legislation and related policies can effectively drive down accident rates to a certain level, but these will reach a plateau sometime. This tendency is reflected in other developed industrialized societies, notably Australia where current research shows that legislative compliance on its own is not sufficient for continuing reduction in incidence and severity. For example, in the State of NSW, Australia, compensated manual handling injuries were consistently within the 30-35 percent of total compensated injuries between 1997/98 and 2006/07, notwithstanding that the overall number of compensated injuries has fallen over the last decade or so (WorkCover 2007) . It is believed that positive safety culture is a possible way to further improve safety performance. This research on safety climate will contribute to providing insightful ways on how to change people's safety behaviors.
Besides, safety climate is a prevalent issue that interests practitioners in the construction industry. The Occupational Safety and Health Council (OSHC) of the HKSAR has recently developed and promoted the Safety Climate Index (SCI) to the industry. SCI is a survey tool for measuring level of safety climate. Industry practitioners have practical reasons to know more about safety climate so as to make better use of safety climate scores. Examples include the meaning of high/ low levels of safety climate, implications to organizational policies and management, the way to further improve safety performance and to create safe working environments. 
Literature review
To begin the study, a systematic literature review has been done on keywords like safety climate, safety culture and safety performance in two academic electronic databases, ISI Web of Knowledge and Scopus. A total of 78 articles were identified in ISI Web of Knowledge and 38 articles were identified in Scopus, confirming results of each other. Seven key journals have been identified as well. Follow up searches were done on individual journals and reference lists of individual papers. Another search was done on top-tier journals in the construction industry.
Questionnaire Survey
A questionnaire survey instrument is an effective method to seek a large sample size for quantitative data analysis (Hox et al. 2008 ). The survey instrument will focus on identifying the relationships between the safety climate factors and safety performance. A safety climate survey tool, Safety Climate Index (SCI), developed by the Occupational Safety and Health Council, HKSAR (OSHC, 2008) will be employed and supplemented with other relevant questions. Comments gained from the pilot questionnaire will be incorporated to refine the research questionnaire.
RMAA contractors listed under the Hong Kong General Building Contractors' Association, the Voluntary Subcontractor Registration Scheme, and the Census & Statistics Department will be invited to participate in this questionnaire survey. It is likely that the responses on the safety climate factors may be affected by their working position hence the respondents will be stratified according to their organizational status, namely, managerial, supervisory and site workforce. At least 100 samples from each of these organizational levels will be obtained to ensure a valid analysis.
Structured interviews
Ten structured interviews will be conducted, including both large and small scale contractors which undertake RMAA works. Ten questions have been set to capture experienced practitioners' perceptions on the causes of accidents, current safety practices of RMAA works and their implementation obstacles. These questions are in place to achieve the primary purpose of getting a holistic view of the safety practices in the RMAA sector. Interviewees will be asked to assess the safety climate of their company on RMAA works by giving ratings from 1 to 5 on seven prescribed safety climate factors.
Case studies
To gain an in-depth understanding of the causes of accidents in the RMAA sector, fatal accidents in RMAA works will be selected and analyzed. These cases will be analyzed for common features, characteristics, failures and problems. Major factors studied include:
Time and date of accident -to detect if there is any noticeable pattern in terms of time, day of a week, month and season that RMAA accidents may happen. Age of victim -to detect if a certain age group is more prone to RMAA accidents. Other demographics such as gender, cultural origin; i.e. Mainland China/ Nepal, level of education/ literacy will also be studied. Trade of worker -to detect if there are any traceable trades which are more prone to RMAA accidents. Length of experience -to detect if the length of experience affects RMAA accidents. Place of accident -to study whether there are any common locations resulting in RMAA accidents. Agency involved -to detect if there are any agents such as certain types of tools or technical processes which are more likely to be involved in RMAA accidents. Type of work involved -to detect if there are any types of work which are more prone to RMAA accidents. Unsafe condition/action -to study whether there are any common unsafe conditions/actions resulting in RMAA accidents.
Safety education and training -to trace whether the victims have received any safety education and training prior to RMAA accidents. Use of safety equipment -to determine whether the victims have used any safety equipment in RMAA accidents. Employment terms and conditions -to identify whether the mode of employment (e.g. permanent, day or hourly labour) affects RMAA accidents.
Focus group meetings
Focus group meetings will be organized to solicit RMAA safety related information from a much wider audience. This is particularly important for RMAA works because most of these projects are carried out by contractors of small to medium scale. Vaughn et al. (1996) asserted that focus groups should possess two core elements: (1) a trained moderator who sets the stage with prepared questions or an interview guide; and (2) the goal of eliciting participants' feelings, attitudes and perceptions about a selected meeting. At least four focus group meetings will be organized in this study: two for the RMAA supervisory and management staff, and two for front-line RMAA workers. Each focus group will be moderated by a research team member, who will first make a short presentation on the RMAA accident statistics and setting the stage with prepared questions. The participants will then be divided into groups of six to ten to sustain lively and active discussion. Other research team members will be assigned to sit in each group to trigger discussions and responses. Each group will then be asked to nominate a rapporteur to present the group's findings and recommendations at the end of the meeting.
DATA ANALYSIS
Advanced statistical techniques such as Factor Analysis and Multiple Linear Regression Analysis will be applied to analyze the raw data obtained from the questionnaire survey to identify the impacts of safety climate on safety performance in the RMAA sector.
Factor Analysis is a statistical technique used to identify a relatively small number of factors that can be used to represent relationships among sets of many interrelated variables (Hair et al. 2006) . Principal factor extraction with promax rotation will be performed through SPSS FACTOR program on the safety climate attributes. The purpose of this test is to compute the degree of item loading on their corresponding factors. The chi-square test statistic of Bartlett's Test of Sphericity will also be performed to test whether the correlations are significantly different from zero.
Multiple Linear Regression (MLR) Analysis is considered as the most suitable technique to derive the relationships between the variables (Hair et al. 2006) . The relative influence of the safety climate factors on the safety performance of RMAA projects extracted from factor analysis will be explored by multiple stepwise regression analysis.
A stepwise selection procedure with a significance level of 5% will be used to select statistically significant variables to be incorporated into the model. Data variables will be added one at a time and the regression model re-run noting the changes at each step in the coefficient of determination (R 2 ) value and, more importantly, the significance level of variables.
Only those variables with a P-value of less than 10% will be included in the final regression equations. The coefficient (R 2 ) indicates how much variation in the dependent variable is explained by a group of independent variables; and the higher its value, the more powerful the model. Adjusted R 2 , which attempts to more realistically reflect the goodness of fit of the model, will be used to compare and identify the best-fit regression model.
VALIDATION OF THE RESULTS
Research data and analyses will be triangulated from multiple sources to help improve the credibility of the findings. Results derived from the questionnaire survey, structured interviews, focus group meetings and case studies will be cross-referenced to complement each other. Workshops will be used to discuss (preliminary) conclusions with industry practitioners involved in the study to help understand the relevance of the findings in the context of changing circumstances over the period studied. Three workshop sessions have been included in the research programme.
CONCLUSIONS
To conclude, this paper has briefly illustrated the research framework of how to investigate the relationship between safety climate and safety performance of the RMAA sector. The research team expects that RMAA works will become more and more important to the local construction industry. Their safety problems have to be tackled if we would like to see a continuous improvement in safety performance of the construction industry. Previous research, existing safety management systems and legislation, and plateauing reductions in injury and fatality rates, suggest that we can do little else to drive down accident rates. It is proposed that developing a positive safety climate is one of the effective ways to improve safety performance. A positive safety climate should lead to increasing safe behaviors and in turn improve safety performance. In this study, this proposition will be tested by looking at whether safety climate affects people's safe behaviors and then propose effective safety measures and recommendations to the industry for consideration of implementation.
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